The Camëntsá and Inga indigenous communities of the Sibundoy Valley, in the Colombian province of Putumayo, employ agroforestry systems for their livelihoods. The objectives of this enquiry are (1) to understand the importance of the biodiversity within agroforestry systems, as providers of provisioning, regulating, and cultural ecosystem services to indigenous households and (2) to assess the importance of protecting biodiversity through agroforestry systems to ensure food security. The study employed a qualitative research strategy involving participant observation and semi-structured interviews. It describes the ecosystem services delivered within the agroforestry systems and the uses given by the communities to their related biodiversity. A total of 21 uses were identified for 128 species. The provision of food, natural medicine and biochemicals, fuel, and fibres was the most important final services derived from that biodiversity. Additionally regulating and cultural ecosystem services accounted for almost one-third of the total uses of the species. Based on its findings, the study highlights the need to maintain both the agroforestry systems and their biodiversity to ensure the delivery of all three ecosystem services and the communities' food security and livelihoods.
Introduction
Indigenous communities around the world have relied on agroforestry, as their ancestral way of agriculture, since their earliest history. Through agroforestry systems, these communities have met their basic needs for food, medicine, fuels, raw materials for construction and handicrafts, and for their free cultural development. The biodiversity of these traditional agroecosystems and the additional resources of their neighbouring area have secured the livelihoods and well-being of many.
Nevertheless, the traits and functions of agroecosystems are changing worldwide (Dash and Misra 2001; Trinh et al. 2003) , and consequently, many native and wild species, landraces, and crop varieties are declining (Turner et al. 2013) . The Sibundoy Valley, in the Colombian Province of Putumayo, is no exception. There, as monocultures and livestock farming become important revenue sources, agroforestry systems and their related biodiversity resources are vanishing. However, this biodiversity must be preserved so that numerous indigenous and peasant families, and even those devoted to other economic activities within the region, may continue profiting from its ecosystem services. This research paper illustrates this need by describing how important biodiversity is to provide ecosystem services to the Inga and Camëntsá indigenous communities.
Biodiversity: the basis for ecosystem services delivery
The food security, health care, and ecosystem resilience of indigenous communities are strongly rooted in the maintenance of biodiversity (Garí 2001) . For them, environmental conservation is both a goal and a means to enhance well-being and livelihood (Agbogidi and Adolor 2013) . Biodiversity helps to prevent climate change, achieves ecological balance at the household farm level, attains food security, and increases the communities' market possibilities (Claverías and Quispe 2001) . Annual and biannual crops, perennial and semi-perennial plants, and wild species in the systems under biodiversity schemes allow the households to reach a permanent production on a daily, weekly, and monthly basis as well as long-term outputs, for example, from woody species. This enables families to reduce the market risks since they may trade a large variety of goods (Jamnadass et al. 2013) . Biodiversity correlates with a region's ecosystems, genes, and total species (Agbogidi and Adolor 2013) . Likewise, high biodiversity levels are related to large mass quantities of flora; therefore, they enhance carbon sequestration processes (Schroth et al. 2011) .
The biodiversity that indigenous communities maintain through traditional agroecosystems is fundamental to their livelihoods (Pimbert 2009; PAR 2010) . At least three South America native groups rely on the forest's biodiversity and that of cultivated fields to ensure their food security, medical care, and ancient heritage (Egeland and Harrison 2013) . Because of diverse geographical conditions, some species and varieties grown exclusively in given regions. And some of those unique genetic materials are particularly nutritious. For instance, a comparative analysis by Caicedo and Chaparro (2013) of two different daily food intakes, in the Colombian Amazon jungle, revealed that the traditional diet was 39% more nourishing than the non-traditional one in terms of kilocalories, protein, iron, and vitamin A. Although the study did not describe the traditional diet in detail, it determined that at least 18 species and animals harvested and bred in the traditional agroecosystems provided the necessary nutrients to the households.
The indigenous communities of the Sibundoy Valley use and maintain biodiversity through their agroforestry systems. Those systems include woody perennial species, crops, and/or animals growing and/ or breeding together in a unit of land (Nair 1993; Young 1997; Huxley 1999; Beetz 2011; Alao and Shuaibu 2013) . Since agroforestry systems are agroecosystems, they provide and receive ecosystem services and disservices Zhang et al. 2007; Garbach et al. 2014) . Therefore, these agroecosystems deliver provisioning services directly (Figure 1) , and the management of their ecosystems determines the delivery of those services, and ultimately the mankind's well-being. The ecosystem services are, thus, inextricably linked to the protection of biodiversity (Garbach et al. 2014) , and agroforestry may ensure adequate biodiversity levels for appropriate ecological processes and resilience. Figure 1 illustrates how biodiversity is fundamental for the delivery of ecosystem services to the indigenous communities.
The Camëntsá and Inga communities ensure their livelihoods through agriculture. However, based on their wisdom, knowledge, and expertise, they prefer agroforestry over monoculture. There are three types of agroforestry systems in the Sibundoy Valley: (i) silvopastoral, (ii) agrosilvopastoral, and (iii) agrisilvicultural.
The (i) silvopastoral systems consist mostly of livestock farming for milking purposes and the care of pastures. The (ii) agrosilvopastoral systems develop home gardens through ancestral-traditional agricultural practices (Palacios and Barrientos 2014) , rendering a wide biodiversity of food and animal species, medicines, perennial species, and forage (Palacios and Barrientos 2011) . The (iii) agrisilvicultural systems grow specific crops under trees and/or certain types of bushes. The biodiversity protection performed by the indigenous communities of the Sibundoy Valley contributes to the delivery of ecosystem services and helps to mitigate ecosystem disservices such as water pollution, odours, health risks, biodiversity loss, nutrient runoff, and other negative impacts Zhang et al. 2007; Garbach et al. 2014) .
Within this framework, two questions deserve attention: What are the ecosystem services provided by the biodiversity of the agroforestry systems of the Camëntsá and Inga communities? Is the food security of the households still devoted to agriculture related to the maintenance of biodiversity through agroforestry?
In this vein, the objectives of this inquiry are: (1) to understand the importance of the biodiversity within agroforestry systems, as providers of provisioning, regulating, and cultural ecosystem services to indigenous households and (2) to assess the importance of protecting biodiversity through agroforestry systems to ensure food security.
Methodology

A brief description of the research area
Located in southwest Colombia, on the eastern side of the Andes mountains, the Sibundoy Valley is a transitional zone between the highlands and the jungle. It comprises four municipalities: Santiago, Colon, Sibundoy, and San Francisco, which belong to the province of Putumayo. The flat area covers 8500 ha (Bonilla 2006) and has an altitude between 2000 and 2100 m above the sea level (IGAC 2001) . The valley's temperature fluctuates between 10.3ºC and 21.7ºC, with a yearly humidity of 78-83%, and a precipitation range of 1443-1496 mm (IGAC 1990) . The Putumayo river crosses the valley, collecting the waters of many other streams, before leaving it at Balsayaco.
In terms of population, the Inga community has some 15,450 members in Colombia (UNHCR 2011), most of whom (9579) dwell in Putumayo, primarily in the Sibundoy Valley. The Camëntsá community has some 4879 members who also inhabit the valley. There are 270 indigenous households in the area under study, distributed as follows: 55 in Tamabioy, 70 in San Félix (Palacios and Barrientos 2014), 54 in San Silvestre, 48 in La Menta, 20 in Central San Antonio, 12 in San Agustín, and 11 in San José del Chunga (Table 1) .
The Inga and the Camëntsá communities are unique cultures with their own worldview and customs, as expressed in their language, folklore, dress, handicrafts, traditional medicine, and agriculture. These cultural manifestations are closely related to the household environment, where people live, but also grow food and medicines, plant trees to use as raw material for artwork or construction, breed animals, and govern their own development. This family household environment comprises the agroforestry systems that protect biodiversity and ensure livelihoods.
Sampling procedure and data collection
The study was conducted in two villages of the Sibundoy Municipality (Tamabioy and San Félix), and five villages of the San Francisco Municipality (San Silvestre, La Menta, Central San Antonio, San Agustín, and San José del Chunga) ( Figure 2 ). These villages were selected given (i) their number of indigenous households, (ii) their relevant agroforestry systems, as identified through direct observation and key informants, and (iii) the presence of wellknown healers and leaders.
The study employed a qualitative research strategy involving ethnography or participant observation and qualitative interviews as the leading methodologies (Fetterman 2010; Bryman 2012) . The interviews gathered information to identify: (i) the biodiversity of the agroforestry systems and (ii) the uses given to various species. Beyond the interviews, additional data were collected through direct field observation of the agroforestry systems and their species' scientific names, within transects of the villages and of the household farms. There were, thus, two types of transects: (i) those within the farms, where the household heads showed the species and explained their names and uses, and (ii) those in the villages, where a well-known community healer provided similar information.
The interviews were semi-structured, that is, based on informal talks with the respondents, and thereafter any identified species were checked off against a species list, along with their uses. The enquiry included households living off agriculture, services, and handicrafts. However, the criteria to select the interviewees were: (i) their botanic and healing knowledge and (ii) their remarkably biodiverse agroforestry systems, as reported by other community members.
A non-probability sampling approach was taken into account because the research goal was to approach relevant respondents with suitable knowledge to support in answering the questions regarding ecosystem services involved in biodiversity, along with the linkages between biodiversity maintenance and food security. Therefore, focusing on a fixed purposive sample of criterion and the unit of analysis was the indigenous households of the Camëntsá and Inga in the seven villages. At the outset of the study, the sample included 20 respondents. However, as the study progressed, it evolved to a theoretical saturation of 30 interviews in total in all seven villages (Table 1) . This saturation occurred when the information from the interviews yielded no more findings, and therefore, it was reasonable to stop interviewing. In addition, a snowball sampling technique was useful in the respondent selection process (Onwuegbuzie and Collins 2007; Teddlie and Yu 2007; Bryman 2012) .
Data analysis
Based on the literature review, this enquiry used two indicators to ascertain the biodiversity-related ecosystem services and the importance of biodiversity: (i) the uses of biodiversity as reported by the indigenous communities and in the literature and (ii) the number of species in the agrarian systems ( Figure 3 ). The second permitted to compare this study's agroforestry systems and their biodiversity with other cases described in the literature. As the number of species increase, agroforestry systems become more important to preserve biodiversity.
The biodiversity of the seven Sibundoy Valley villages was partially analysed by comparing it: (i) with the number of species found in a 2015 fieldwork and information gathered in 2008 and 2012; (ii) with agroforestry systems in other communities worldwide as described in the literature; and (iii) with the number of species present in every type of agroforestry system. The qualitative data gathered through observation, transects, and interviews were registered in a field notebook and a species checklist. All the information collected in the field was systematized in Excel and analysed with univariate analysis, focusing on frequency (Bryman 2012).
Classification of ecosystem services
The classification of ecosystem services was primarily based on the uses given by the households to the species. For instance, the species used as food were classified under provisioning ecosystem services. The number of species was another indicator to assess the importance of biodiversity for the provision of ecosystem services. This indicator was also useful to compare the findings of this enquiry with those of studies conducted elsewhere.
Food security analysis
The number of species indicator was further used to compare the food biodiversity of the several agroforestry systems. The literature review was used in this analysis to identify the nutrients of the food species found in those systems.
Results
Agroforestry systems and biodiversity
The seven villages in the research zone have three types of agroforestry systems ( Table 2 ). The silvopastoral system (Figure 4 ), which takes most of the land of these systems (Table 2) , features live fences and woody perennial species spread out in pastures. Livestock is farmed for milk production, which is a stable source of income for the households. Those not breeding cattle usually rent their land to the dairy producers. The trees are a long-term revenue source since they are sold as timber or fuel. The agrosilvopastoral system ( Figure 5 ), which takes the second largest area of these agroecosystems (Table 2) , features home gardens that resemble the forest and employ ancestral ways of land management. They bear the highest biodiversity of all agroecosystems in the valley, and their species are mostly used for home consumption. However, production surpluses are traded locally and/or regionally, and it is worth mentioning that barter mechanisms are still common among community members who exchanged goods with neighbours and relatives. Last, there is the agrisilvicultural systems ( Figure 6 ), which takes the smallest area. Currently, it features crops such as beans supported by maize (a first-semester maize crop is followed by a second-semester bean crop that profits from the maize cane to grow), Solanum quitoense, tamarillo, and Passiflora ligularis. These crops are raised for the market and are relevant income sources for the households.
There are 128 species in the biodiversity of these three types of agroforestry systems (silvopastoral, agrosilvopastoral, and agrisilvicultural) (Appendix A1), which are valued for their different uses. Of them, 51% are trees and bushes and 49% are herbaceous, vines, and cane plants. The large number of woody perennial species evidences the agroforestry approach in which the Camëntsá and Inga communities to preserve biodiversity, for which they have, in all, 21 uses. A longitudinal comparison of biodiversity at the Sibundoy Valley reveals that its number of species has peaked in the most recent period (Table 3 ) due to exchange of species between Andean and Amazonian indigenous peoples. These species have adapted to the local conditions along with other exotic plants such as sugar cane and plantain. Two species found in 2008 (Manilkara bidentata and Thevetia peruviana) and 10 identified in 2012 (three forage, two vegetables, two medicinal, two woody perennials, and one flower), were not found in 2015. These species were excluded from the final study. However, as seen in Table 3 , four species that were not registered in 2008 or 2012 were identified in 2015 (Acacia sp., Brugmansia aurea, Datura sanguinea cv. Guamuco, and Rubus urticifolius). They were regarded as other identified species maintained in the agroforestry systems. It is worth noting that the three types of agroforestry systems observed in 2015 (silvopastoral, agrosilvopastoral, and agrisilvicultural) already prevailed in the 2008 and 2012 periods of comparison.
Although there were many species not registered in 2012, by 2015, the biodiversity found in the agroforestry systems had increased to 128 species. Of them, 19 species were present in the silvopastoral systems, 105 species lived in the home gardens, and 32 species grew in the agrisilvicultural systems. This reveals that the great biodiversity of all three agroforestry systems, within the research zone, has been maintained in recent years.
Ecosystem services provided by the agroforestry systems in the Sibundoy Valley
The biodiversity maintained in the three types of agroforestry systems supplies provisioning, regulating, and cultural ecosystem services. In this regard, 109 species (used as food, natural medicines, biochemicals, fuels, and fibres) supply provisioning services, 40 species are associated to regulating services, and 13 species are part of cultural services. This means that almost a third of the overall uses of species is related to regulating and cultural services (Figure 7 ).
Provisioning services
Overall, a relevant 73% of the biodiversity found in the research zone supplies provisioning ecosystem services to the Inga and Camëntsá communities. Through these services, the communities meet their basic home consumption needs and generate an income from the trade of production surpluses. Both the subsistence and market schemes of the three types of agroforestry systems improve their livelihoods.
The Inga and Camëntsá communities consume seven herb species and use an additional 38 for medicinal purposes (Figure 7) . These medicinal species, like certain food plants, have grown out of the local commitment to maintain biodiversity and have therefore adapted to the Andean conditions even though they come from long distances. That is the case of Banisteriopsis caapi, which the healers included in their botanical knowledge and practices. Beyond the healing purposes, herbs replace coffee consumption and are an ingredient in traditional cooking. In addition, 50 species provide nutritious food to the households and the overall region. These species live in all three agroforestry systems and range from fruits to roots, and from native species, varieties, and landraces to exotic species adapted to the local conditions ( Figure 8 ). Moreover, woody perennial, which comprise more than half of the total biodiversity, are employed as fuel by the communities. Of them, 15 species are particularly useful. Other numerous species provide fibres for handicrafts and construction or may be used in the production of dyes and fertilizers ( Figure 7 ).
Regulating services
Of the overall biodiversity of the Sibundoy Valley's agroforestry systems, 40 species (21%), are related to the provision of regulating ecosystem services. And of those services, crop protection involves the highest number of species. Crop protection refers to the aid received by crops from woody perennial species, which may: (i) act as live fences or windbreaks (in the words of respondents), saving the crops from being blown down in August; and (ii) provide shading. Other uses reported by the interviewees relate to Table 3 . Agroforestry systems' biodiversity found in the seven villages of the Sibundoy Valley in the three times analysed (2008, 2012, and 2015 (Figure 7) .
The indigenous communities' use and maintenance of species for various ecological purposes reflect their understanding of the benefits of trees and bushes for their livelihoods. For instance, the Camëntsá and Inga identify two species for soil protection (Cestrum ochraceum and Viburnum triphyllum), and one for nitrogen fixation (Alnus jorullensis) (Appendix A1). These trees, therefore, provide the final soil conservation and nutrient cycling services (Figure 7) . Beyond the findings of this study, it is worth noting that although the Mexican alder (A. jorullensis) was the only nitrogen fixing species reported by respondents in both communities, four other trees present in the biodiversity have been described in the literature as having the same function (Acacia mearnsii, Acacia melanoxylon, Acacia sp., and Inga edulis) (Ferrari and Wall 2004) .
Cultural services
All three types of agroforestry systems provide cultural services to the dwellers of the Sibundoy Valley. Nine species are valued for their aesthetic contribution to the households (Figure 7) . Most of them are flower species used to embellish the family home. They are usually grown surrounding it, and the respondents expressed great satisfaction about their gardening. In addition coffee and Yucca elephantipes are woody perennial types that do not need much attention.
Four species are used for ritual purposes (Figure 7 ) that are directly related to healing practices, a worldview, and myths. Of them, B. caapi (Appendix A1) stands out as a plant that the Inga and Camëntsá Maize, besides being a dietary staple for Camëntsá and Inga, has a strong cultural significance to them: it is the fruit of the indigenous force and power. Maize may be consumed dried, or in a traditional fermented beverage taken in everyday life, or as an essential drink during ceremonies, holidays, household celebrations, social meetings, farming labour, and community work. Therefore, this species is linked to the final cultural heritage service through which the elders convey their knowledge of the species to the youth, in an autonomous development of their culture.
Biodiversity and food security
Attaining food security is at the core of the Camëntsá and Inga communities' livelihoods strategy. The high number of food species present in all three agroforestry systems, 50 in total, reveals the importance of diet diversification through several foods. There are nine types of food in the research zone's biodiversity. Of them, the most valued are fruits, which comprise almost half of the species (Figure 8 ). Nine food species were found to have stable market, 10 have a local market, 27 have a small market, and 2 have promissory markets: Prunus capuli, domestically, and Physalis peruviana globally (Appendix B1). Those with stable markets, like the bean crop, are the most relevant crops of the valley: they are easily traded, and they provide an income to many households. The species with a local market are seldom commercialized outside the valley. However, their main markets are the capitals of the Putumayo and Nariño provinces some 83 and 64 km away, respectively. The species with a small market are grown mostly for home consumption as well as bartering and sharing with neighbours and relatives. Overall, stable and local market species are important for the communities' food security. Besides their direct consumption by the families all year round, they generate revenues needed for the acquisition of goods and services not produced by the household farm. Both, the small and promissory market species (31 species in all) are highly consumed at the homes, thereby contributing to their nutritional needs.
Discussion
The home garden cases shown in Table 4 corroborate this study's findings about the great biodiversity used and maintained in the agroforestry systems of the Sibundoy Valley. That biodiversity was identified many decades ago by botanist such as R.E. Schultes, who described the valley as unique place in the world, with the highest variety of ethnogenic plants (Davis 1996) .
Provisioning, regulating, and cultural services derived from biodiversity
Provisioning services ensure food, medicines, fuel, and fibre to the Camëntsás and Ingas in all three agroforestry systems of the research zone. Rodríguez (2010) confirmed the relevance of food species for the Sibundoy Valley's indigenous communities, as he determined that out of 87 medicinal species, 20 are used also as food. Of them, 10 were fruits, four were vegetables, three were spices, and there was one grain. In Latin America, the native groups embrace the principle of diversity to guarantee a continuous flow of goods materials, and energy from the ecosystems (Toledo 2001) . Therefore, the communities commit to maintain biodiversity, and on that basis, they select and manage those species relevant to their livelihood. For instance, in a study done at the Bolivian Amazon, Diaz et al. (2015) reported the use of 113 species, 67 as food, 45 as natural medicines, and 23 as handcraft materials.
Biodiversity is also used to meet health needs. Therefore, it has prevailed in home gardens whit a high diversity of species (Trinh et al. 2003; Huai and Hamilton 2008) , where the households may use them for health purposes (Finerman and Sackett 2003) . In the Colombian province of Caquetá, where there are Inga settlements as well, 17 different conditions, such as fever, headaches, nervous breakdowns, kidney ailments, and colic, among the most common, are treated with 20 medicinal plants (Caicedo and Chaparro 2013) . In the Sibundoy Valley, the 87 medicinal species reported by Rodríguez (2010) are used to treat 42 health conditions.
Maintaining crop genetic diversity as part of communities' livelihood strategies (Hajjar et al. 2008 ) is fundamental to attain food security and well-being. Meeting these challenges depends on the ecological benefits derived from the agrarian systems and their surrounding ecosystems, as those systems provide goods, on the one hand, and regulating services that support the production of those goods, on the other. A wealth of literature on those ecological benefits encourages conservation programmes for agroforestry system and confirms the link between the maintenance of biodiversity and its related ecosystem services. According to Swinton et al. (2007) agriculture, and in this case, agroforestry systems provide a variety of regulating services.
The Sibundoy Valley's climate conditions, featuring high humidity and precipitation, and temperatures favourable for high and low altitude species, explain the adaptation of foreign species, from the Amazon and elsewhere, to the local environment. The exchange of species between indigenous communities (Trinh et al. 2003) has been reported by several studies, such as that of Ban and Coomes (2004) in the Peruvian Amazonia. That is how, the maintenance of biodiversity within the Camëntsá and Inga territories, through all three types of agroforestry systems, involving the adaptation of exotic species and the conservation of local varieties, has allowed the communities to meet their basic needs and to benefit from the related regulating services.
The woody perennial component of the agroforestry systems has positive effects on the ecological process. The trees and bushes help to avoid desertification and degradation caused by runoff and wind. Practices aimed at retaining soil organic matter on the surface layer, by keeping the woody perennials, improve the soil's capability to sequester carbon (Hajjar et al. 2008) . In brief, the maintenance of woody perennial species through the agroforestry systems helps to ensure diverse ecosystem services such as biodiversity conservation, water regulation, and land rehabilitation (Paumgarten et al. 2005) .
Ornamental species are frequently planted around the indigenous homes, despite their lack of market value, because they provide aesthetic and cultural benefits, as discussed by Swinton et al. (2007) . Other studies have also illustrated how numerous species offer landscaping improvement to their users. Mayori (2009) found 18 ornamental species in the home gardens of Nhema, Zimbabwe. Millow et al. (2010) reported 14 such species, out of a total diversity of 93 plants, in the home gardens of Pahang, Malaysia. Finerman and Sackett (2003) determined that 30 species out of 133 in the home gardens of Saraguro, Ecuador were valued for aesthetic purposes, as were five species reported by Gebauer (2005) in the home gardens of El Obeid, Central Sudan.
Many South American indigenous communities use the species B. caapi in rituals and ceremonies. According to Trujillo et al. (2010) , 70 native groups in Ecuador, Peru, Colombia, Bolivia, and Brazil use this ritual plant, besides the Inga and Camëntsá. In Ecuador, for instance, the Pastaza community reported a medicinal and ritual use of this plant, akin to that of the Sibundoy Valley (Garí 2001) .
Cultural practices and perceptions affect biodiversity as well as the maintenance of agricultural species. In the agroforestry systems, the protection of biodiversity is associated with the community's cultural memory and knowledge-transmission practices (Ghosh et al. 2005) . In this regard, rituals fundamental for the Camëntsá and Inga convey their traditional wisdom on healing procedures, their worldview, and mythology. Ghosh et al. (2005) suggest that conservation strategies should include the cultural context, because the indigenous knowledge is relevant for the protection of ecosystems, and thus for the wellbeing of humanity. As the communities use diverse species for medicinal purposes through ritual ceremonies, they remember ancestral healing practices and convey their cultural heritage. The ongoing transmission of such a heritage depends on the preservation and availability of those ritual plants in all three agroforestry systems (Van De Berg et al. 2005 ).
Intake of nutritional species to attain food security
Agroforestry systems are known for preserving nondomesticated and semi-domesticated species, landraces of crop species, and wild crop relatives (Toledo 2001) . They ensure the availability of nutrients all year around, and lessen the households' environmental and market risks. Betancourt (2007) highlights the need of prioritizing the subsistence agrarian systems as sources of safe, nutritious, good quality, and fair-priced food.
The Camëntsá and Inga agroforestry systems yield fruits full of nutrients. Of them, lemon guava (Psidium guajava) has the highest vitamin C content (228.3 mg per 100 mg of fruit); avocado (Persea americana) has the highest lipid content (14.66 g per 100 mg of fruit), and P. ligularis has the highest fibre content (10.4 g per 100 mg of fruit) (USDA 2015) . As for maize (Zea mays), it is a dietary staple for both communities and has a deep cultural significance to them. At such, it is an important source of nutrients, and it is prepared in a variety of recipes for everyday consumption. The traditional use of maize is widespread among indigenous peoples. The Inga community of the Colombia province of Caquetá uses it to complement the diet of infants as young as five months old (Caicedo and Chaparro 2013) , a practice also common among the Nigerian Igbo natives (Marquis et al. 2013) .
Another species present in all three agroforestry systems of the Sibundoy Valley is Xanthosoma sagittifolium (L.) Scott & Endl. (Appendix A1). It has been recognized as a nutritious source of carbohydrates (Sama et al. 2012 ) and income for the households (Agyeman et al. 2004 ). Its carbohydrate (23.63 g per 100 g of corm) and energy (98 kcal) contents are even higher than those of the potato (17.49 g and 77 kcal per 100 g of tuber, respectively) (USDA 2015). Moreover, some vegetables found in the research zone are rich sources of calcium (Ca) that contribute to the nutritional needs of the indigenous homes. Their supply ranges from 17 mg per 100 g of vegetable in the case of chayote (Sechium edule) to 40 mg in the case of wild cabbage (USDA 2015) .
In all three agroforestry systems of the Sibundoy Valley, the household farm production is used for home consumption and market purposes. For instance, in the villages of Tamabioy and San Félix, home gardens satisfy the household's and basic community needs (Palacios and Barrientos 2014); as home consumption (60%) prevails over the trading of surpluses (40%) (Palacios and Barrientos 2011) . Through this model, the families attain both food security and well-being. On the one hand, they obtain food, medicine, fuel, and fibres from the products kept at home. And on the other, the surplus sales allow them to afford further needs such as clothing, education, or additional nutrition. This pattern is observed elsewhere. In Vietnam, the home gardens of Nho Quan produce primarily for home consumption and thereafter, they make a profit from their market crops (Trinh et al. 2003) . Farmers in Bangladesh plant trees to meet various family needs, for example, firewood, and subsequently, raise an income from the trading of surpluses (Das and Das 2005) . The Meegahakiula farmers of Sri Lanka also meet their subsistence requirements through the home gardens and then commercialize some market crops (Senanayake et al. 2009 ). In sum, the strategy of combining household consumption and surplus sales enhances the families' food security and well-being.
Besides combining home consumption and surplus trading, the Camëntsá and Inga enhance their livelihood through the barter of goods and/or services, including labour, as a caring exchange between neighbours and relatives (Palacios and Barrientos 2011) . This indigenous idiosyncratic practice, which is broadly used to help families in need or coping with shocks, is commonplace: In Peru's Cenapa River, the Awajún heads of household share food with their neighbours ). The Inga settled in the Colombian province of Caquetá share meat, fish, cassava, plantain, onions, tomatoes, fruits, and livestock products with other communities (Caicedo and Chaparro 2013) . In the Jabithenan District of North-Western Ethiopia, the natives strengthen community ties by sharing fruits, vegetables, and sugarcane from their home gardens with neighbours and relatives (Linger 2014) . And in rural South Africa, it is common for neighbours to barter tree products (Shackleton et al. 2008) .
There is a direct relationship between the traditional agrarian systems and food security (Claverías and Quispe 2001; Garcia et al. 2008; Caicedo and Chaparro 2013; Creed-Kanashiro et al. 2013; Egeland and Harrison 2013) . A wide variety of food species and types, such as the ones herein identified (Figure 8 ), provides a balanced diet to the homes, including proteins, calories, lipids, minerals, and other nutrients, thereby ensuring food security at a household and community levels. Another facet of the communities' well-being is the medicinal use of biodiversity, and all its related knowledge, which permits the treatment of many conditions at home, employing the very species cultivated in the household farms. In addition, biodiversity is a rich source of fibres useful for construction, manufacturing, or energy purposes. It is, thus, clear that preserving all three agroforestry systems is crucial for (i) the use and maintenance of biodiversity, (ii) the provision of ecosystem services, and (iii) the enhancement of food security and well-being within the region.
Conclusions and recommendations
The Inga and Camëntsá communities of the Sibundoy Valley in the Colombian province of Putumayo develop three types of agroforestry systems (silvopastoral, agrosilvopastoral, and agrisilvicultural) that altogether yield 128 species for which there are 21 uses. This biodiversity provides three types of ecosystem services, namely: provisioning, regulating, and cultural. Most community members benefit from provisioning services, which are related to the food, medicine, fuel, and fibre derived from 109 species. There are 14 uses given to those species, which represent 73% of all biodiversity uses. The regulating services involve 40 species for which there are five uses, or 21% of them. And the cultural services employ 13 species for which there are two uses, or 6% of them ( Table 5 and Figure 7 ).
There are 45 species in the silvopastoral system, 32 species in the agrisilvicultural system of growing crops under trees, and 105 species in the home gardens of the agrosilvopastoral system. All three systems are, thus, important for conserving the genetic diversity necessary for the future delivery of ecosystem services. Consequently, they must be preserved.
From their earliest history, the Camëntsá and Inga have used their rich biodiversity for their livelihood and cultural development. This biodiversity has evolved over time through exchange of numerous species that both communities have held with native peoples from the Amazon region and elsewhere. Both communities have, thus, worked hard at collecting planting materials, choosing the best individuals, sowing them in their agrarian systems, and adapting them to the local conditions ever since pre-Columbian times. And from their efforts, both have reaped the benefits of food security, health, and well-being. Today, the indigenous healers' wisdom and services have extended beyond local boundaries to urban Colombia, and overseas, where patients in search of alternative treatments demand them. The communities' huts, homes, barns, fences, bridges are built with native and exotic-tree materials, which are also used to create handcrafts and further agricultural inputs such as sticks for climbing species. Moreover, these materials may be fuel for cooking and other purposes. Biodiversity maintenance is therefore essential for the well-being, food security, and overall livelihood of both the Inga and the Camëntsá.
The agroforestry systems discussed herein are crucial to preserve the genetic diversity indispensable for the future delivery of ecosystem services at local, regional, and global levels. As they contribute to the stabilization of ecosystems in the long term and support the livelihood and food security of indigenous communities, they should be both promoted and protected by the State. Consequently, an official policy framework should be developed so that both the communities and their ecosystems receive adequate attention, protection, and support to continue delivering sustainable goods and services.
Nevertheless, as globalization reaches remote indigenous territories, introducing needs for goods and services, agroforestry systems may seem to be limited to the household needs and revenues, whereas monoculture may start looking like a viable option. Based on its findings, this enquiry stresses the need to maintain and use biodiversity, through agroforestry systems, for the ongoing delivery of provisioning, regulating, and cultural ecosystem services, and to ensure the livelihood and food security of many.
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